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(54) Semiconductor apparatus for llngerprint recognition 



(57) A semiconductor apparatus, which comprises: 
a substrate having a transistor; a first electrode formed 
on the substrate and connected to the transistor; a sec- 
ond electrode fomned on the substrate and electrically 
separated from the first electrode; and an Insulating film 
formed on the substrate so as to cover the first elec- 
trode, wherein, when a plane of the insulating f ilm which 
is not on a side of the substrate is taken as a first plane, 
a surface facing the first plane of the first electrode is 
talcen as a first surface, and a surface facing the first 
plane of the second electrode is taken as a second sur- 
face, a distance between a surface of the substrate and 



the second surface is larger than a distance between 
the surface of the substrate and the first surface. By vir- 
tue of having the above unique structure, the semicon- 
ductor apparatus of the present invention is advanta- 
geous in that, when a finger or any other material whk:h 
Is electrostatically charged is brought closer to the sub- 
strate, the static electricity is not discharged Into the 
electrode but into the static-electricity drawing wiring 
and then drawn out of the semiconductor device, so that 
the semiconductor devices, the circuits and the like 
which are connected to the electrode can be prevented 
from suffering a damage due to the static electricity and 
from losing the functions thereof. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001 ] The present Invention relates to a semiconduc- 
tor apparatus. More particularly, the present invention is 
concerned with a semiconductor apparatus for finger- 
print recognition used as a capacitive mode fingerprint 
sensor. 

Description of the Related Art 

[0002] In recent years, the fingerprint matching sys- 
tem, which has conventionally been utilized in the appli- 
cations of the administration of entrance and exit and 
the like, is being attracting attention as a securtty system 
for the computer network and a personal identification 
tool in a portable temnlnal or the like. Examples of fin- 
gerprint detecting methods using the fingerprint match- 
ing system include an optical detection method, and a 
capacitive sensing method disclosed in Japanese Pat- 
ent Application Laid-Open Specification No. 4-231 803, 
whose basic application is G69011163 which is also a 
basic application of USP 6,325,442. 
[0003] The capacitive sensing method Is one In which 
an electrostatic capacity value between the electrodes 
in the fingerprint sensor is detected, and has an advan- 
tage in that the apparatus employing the capacitive 
sensing method is easily down-sized, and therefore, this 
method is advantageously mounted on a portable ter- 
minal and the like. Thus, the development of the capac- 
itive mode fingerprint sensor Is energetically pro- 
gressed. 

[0004] FIG. 4 is a diagrammatic cross-sectional view 
of a semiconductor device for fingerprint recognition, 
which constitutes the above-mentioned capacitive 
mode fingerprint sensor 

[0005] On a substrate having fomned thereon a sem- 
iconductor device constituting the sensor, such as a 
transistor or the like (see FIG. 5A described blow), a bar- 
rier metal comprised of titanium (Tl) or the like is formed. 
On the barrier metal, electrodes 52 comprised of, for ex- 
ample, aluminum or the like are formed so that they are 
an'anged In a matrix fomn and connected to the above- 
mentioned semiconductor device. Further, pad elec- 
trodes 52a are fomied simultaneously with conducting 
the step of fonning the electrodes 52. 
[0006] An insulating protecting film 53 is fomned so as 
to cover both of the electrodes 52 and the pad elec- 
trodes 52a. and an opening portion is fomied in each of 
the pad electrodes 52a. Thus, a fingerprint recognition 
semiconductor chip 51 using, as a fingerprint-recogniz- 
ing surface, a region in which the electrodes 52 are ar- 
ranged in a matrix form is formed. 
[0007] The pad electrodes 52a formed in the finger- 
print recognition semiconductor chip 51 and the lead 55 



are connected to each other by a wire bonding 54. 
[0008] White exposing the fingerprint-recognizing 
surface (upper surface) of the fingerprint recognition 
semiconductor chip 51 to the outside, the wire bonding 
64 which connects the fingerprint recognition semicon- 
ductorchip 51 and the lead 55 is encapsulated by a mold 
resin 56 comprised of, for example, a themnosetting res- 
in or the like. 

[0009] Next, an explanation is made on the principle 
of the operation of the semiconductor device for finger- 
print recognition. 

[0010] FIG. 5A is an enlarged, cross-sectional view of 
the portion of the electrodes (con^espondlng to refer- 
ence numeral 52 In FIG. 4] which are formed In the sem- 
iconductor chip (con-esponding to reference numeral 51 
in FIG. 4) of the semiconductor device forfingerprint rec- 
ognition so that they are arranged In a matrix fomn. 
[0011] On a substrate 10 having fonmed thereon a 
semiconductor device constituting the sensor, such as 
a transistor (not shown) or the like, a banier metal 20 
comprised of Ti or the like is formed. On the barrier metal 
20, charge storage electrodes 21 comprised of, for ex- 
ample, aluminum or the like are formed so that they are 
arranged In a matrix form and connected to the above- 
mentioned (not shown) semiconductor device on the 
substrate. An insulating protecting film 30 is formed so 
as to cover the charge storage electrodes 21 . 
[0012] As shown In FIG. 5A, when a finger? is In con- 
tact with the fingerprint-recognizing surface of the sem- 
iconductor apparatus for fingerprint recognition, a ca- 
pacitor is fonried between the charge storage elec- 
trodes 21 , the insulating protecting film30 and the finger 
7. The insulating protecting film 30 functions as a part 
of the capacitor insulating film. In the construction men- 
tioned above, the distance d (for example, d^, d2) be- 
tween the charge storage electrodes 21 and the finger 
7 varies depending on fingerprint unevenness 70. Ac- 
cordingly, a difference in capacity Is caused between the 
capacitors which constitute the fingerprint sensor and 
which are formed to be an'anged in a matrix fomi, and 
thus, the charge stored in each of the charge storage 
electrodes 21 is read and detected by the semiconduc- 
tor device fonned on the substrate 10, such as a tran- 
sistor or the like, making it possible to recognize a fin- 
gerprint. 

[0013] In the above semiconductor apparatus, each 
of the charge storage electrodes 21 constitutes a unit 
cell of the fingerprint-recognizing surface of the semi- 
conductor apparatus for fingerprint recognition . 
[0014] In a state such that the finger is not in contact 
with the fingerprint-recognizing surface, the capacitors 
constituted by the charge storage electrodes 21 and the 
like have a "d" value which is infinite («>) in all of the unit 
cells of the fingerprint-recognizing surface of the semi- 
conductor apparatus for fingerprint recognition. There- 
fore, In all of the unit cells, the electrostatic capacity val- 
ue Cs is zero (0). 

[0015] On the other hand, in a state such that the fin- 
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ger is In contact with the fingerprint-recognizing surface, 
as shown in FIG. 5B. in the n-th unit cell, a capacitor 
having an electrostatic capacity value Csn is formed be- 
tween the charge storage electrodes 21 , the insulating 
protecting film 30 and the finger 7. The electrostatic ca- 
pacity value is represented by the fonnula: Cg^ = £- 
Co* S/dp. In this fonnula, S is an area contributing to the 
capacitor of each electrode, d^ is a distance (for exam- 
ple, d^, d2) between the electrode of the n-th unit cell 
and the finger, and n is the number (n = 1 , 2, ...) of the 
unit cell. 

[001 6] I n the construction for reading the electrostatic 
capacity value Cg^ in each of the unit cells, the capacitor 
fomried between the charge storage electrode 21 of 
each unit cell, the Insulating protecting film 30 and the 
finger 7 is connected to one source-drain region of the 
transistor which is gate-controlled by, for example, a 
word line WL (WL^, WL2, ...). and another source-drain 
region is connected to a bit line BL (BL^, BLg. and 
further, a capacitor having an electrostatic capacity val- 
ue CB is connected to the bit line BL. 
[0017] In the Sbove construction, when a finger is in 
contact with the recognition surface in a state such that 
a potential Wqq is applied to the bit line BL (V^c pre- 
charge), a potential change represented by the fonnula: 
AVn = [Csr/(CB ^ Cgn)! " Vqc 'S caused in the bit line BL. 
The potential change AV^ is detected in each of the unit 
cells, and the electrostatic capacity value C^^ per unit 
cell is calculated, so that the fingerprint recognition is 
conducted by image processing or the like. 
[001 8] However, the conventional semiconductor de- 
vice for fingerprint recognition mentioned above poses 
a problem in that, when a finger is in contact with the 
fingerprint-recognizing surface, the static electricity 
charged in the human body is discharged in the elec- 
trodes 52 (21) and a large amount of a current flows 
through the electrodes 52 (21) into the detecting circuit 
formed on the same semiconductor substrate (see FIG. 
5B), so that the circuit is damaged and the function as 
the semiconductor apparatus for fingerprint recognition 
is lost. 

[0019] On the other hand, as mentioned above, the 
insulating protecting film 53 (30) for the surface of the 
semiconductor apparatus for fingerprint recognition 
functions as a part of the capacitor insulating film of the 
capacitor fomied between the electrodes 52 (21), the 
insulating protecting film 53 (30) and the finger 7. There- 
fore, a range within which the thickness of the insulating 
protecting film 53 (30) is increased and the material for 
the insulating protecting film 53 (30) is changed for the 
purpose of suppressing the damage of the circuit due to 
the discharge of static electricity Is inevitably limited. 

SUMMARY OF THE INVENTION 

[0020] In this situation, the present inventor has made 
extensive and intensive studies with a view toward solv- 
ing the above-mentioned problems accompanying the 



prior art. As a result, it has unexpectedly been found that 
the semiconductor apparatus comprising: a substrate 
having a transistor; a first electrode fomned on the sub- 
strate and connected to the transistor; a second elec- 

5 trode f onned on the substrate and electrically separated 
from the first electrode; and an insulating film fomned on 
the substrate so as to cover the first electrode, wherein, 
when a plane of the insulating film which is not on a side 
of the substrate is taken as a first plane, a surface facing 

10 the first plane of the first electrode is taken as a first sur- 
face, and a surface facing the first plane of the second 
electrode Is taken as a second surface, a distance be- 
tween a surface of the substrate and the second surface 
is larger than a distance between the surface of the sub- 

15 strata and the first surface is free from the above-men- 
tioned problems accompanying the prior art semicon- 
ductor apparatus. Specifically, by virtue of having the 
above unique structure, the semiconductor apparatus 
of the present Invention is advantageous in that, when 

so a finger or any other material whk:h is electrostatically 
charged is brought closer to the substrate, the static 
electricity is not discharged into the electrode but into 
the static-electricity drawing wiring and then drawn out 
of the semiconductor apparatus, so that the semicoa- 

25 ductor devices, the circuits and the like which are con- 
nected to the electrode can be prevented from suffering 
a damage due to the static electricity and from losing 
the functions thereof. The present Invention has been 
completed, based on the above novel finding. 

30 [0021 ] Accordingly, it is an object of the present Inven- 
tion to provide a semiconductor apparatus which is ad- 
vantageous in that, when a finger or any other material 
which is electrostatically charged is brought closer to the 
substrate, the semiconductor devices, the circuits and 

35 the like which are connected to the electrode can be pre- 
vented from suffering a damage due to the static elec- 
tricity and from losing the functions thereof. 
[0022] It is another object of the present invention to 
provide a semiconductor apparatus for fingerprint rec- 

40 ognition which is advantageous in that, when a finger 
which Is electrostatically charged is brought closerto the 
fingerprint-recognizing surface, the semiconductor de- 
vices, the circuits and the like which are connected to 
the electrode can be prevented from suffering a damage 

"^5 due to the static electricity and from losing the functions 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [0023] The foregoing and other objects, features and 
advantages of the present invention will be apparent to 
those skilled in the art from the following description of 
the presently preferred exemplary embodiments of the 
invention taken in connection with the accompanying 

55 drawings, In which: 

FIG. 1 is a diagrammatic cross-sectional view of a 
semiconductor apparatus for fingerprint recognition 
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according to the first embodiment of the present in- 
vention; 

FIG. 2 is a diagrammatic crosS'Sectional view of a 
semiconductor apparatus for fingerprint recognition 
according to tlie second embodiment of the present 5 
Invention; 

FIG. 3 is diagrammatic cross-sectional view of a 
semiconductor apparatus for fingerprint recognition 
according to the third embodiment of the present 
invention; 

FIG. 4 is a diagrammatic cross-sectional view of 
one example of a conventional semiconductor ap- 
paratus for fingerprint recognition; and 
FiGs. 5A and 5B are explanatory views of the prin- 
ciple of the operation of the fingerprint recognition. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMSQDIMEfsrrS 

[0024] Hereinbelow, prefen^ed embodiments of the 
semiconductor apparatus for fingerprint recognition of 
the present invention will be described in detail with ref- 
erence to the drawings, butthe embodiments should not 
be construed as limiting the scope of the present inven- 
tion. 

[0025] In the preferred embodiment, on a substrate 

10 having formed thereon a semiconductor device con- 
stituting a sensor, such as a transistor or the tike, a bar- 
rier metal 20 comprised of Ti or a stacked film, such as 
a Ti/TiN/TI film, is fomned, as shown in FIG. 5A Further, 
as shown in FIG. 1 , electrodes 2 comprised of, for ex- 
ample, aluminum or an aluminum alloy, such as alumi- 
num sillcide, are fonned on the barrier metal 20 so that 
they are arranged in a matrix fomn and connected to the 
above-mentioned semiconductor device (not shown). 
Further, pad electrodes 2a are formed simultaneously 
with conducting the step of fomning the electrodes 2. 
[0026] An insulating protecting film 3, such as a pas- 
sivation film, is formed so as to cover both of the elec- 
trodes 2 and the pad electrodes 2a, and an opening por- 
tion is fonned in the upper surface of each of the pad 
electrodes 2a. Thus, a fingerprint recognition semicon- 
ductor chip 1 using, as a fingerprint-recognizing surface, 
a region in which the electrodes 2 are arranged in a ma- 
trix fomri is fonned. 

[0027] The pad electrodes 2a formed in the fingerprint 
recognition semiconductor chip 1 and the lead 5 are 
connected to each other by a wire bonding 4. 
[0028] While exposing the fingerprint-recognizing 
surface (upper surface) of the fingerprint recognition 
semiconductor chip 1 to the outside, the wire bonding 4 
which connects the fingerprint recognition semiconduc- 
tor chip 1 and the lead 5 is encapsulated by a mold resin 
6 comprised of, for example, a thermosetting resin or 
the like. 

[0029] Next, an explanation is made on the operation 
of the above-mentioned semiconductor device for fin- 
gerprint recognition. 



[0030] The principle of the operation of fingerprint rec- 
ognition of the present invention is substantially the 
same as that of the prior art technique, and is explained 
with reference to FIGs. 5A and 5B. 
[0031] FIG. 5A is an enlarged, cross-sectional view of 
the portion of the charge storage electrodes 21 (con^- 
spending to numeral 2 in FIG. 1) in a matrix form of the 
semiconductor device for fingerprint recognition. 
[0032] On a substrate 10 having formed thereon a 
semiconductor device constituting a sensor, such as a 
transistor (not shown) or the like, a barrier metal 20 com- 
prised of Ti or the like is formed. On the barrier metal 
20, charge storage electrodes 21 comprised of, for ex- 
ample, aluminum or the like are formed so that they are 
arranged in a matrix fomn and connected to the above- 
mentioned (not shown) semiconductor device on the 
substrate. An insulating protecting film 30, such as a 
passivation film, is fomned so as to cover the charge 
storage electrodes 21 . 

[0033] As shown in FIG. 5A, when a finger 7 is In con- 
tact with the fingerprint-recognizing surface of the sem- 
iconductor apparatus for fingerprint recognition, a ca- 
pacitor is fomned between the charge storage elec- 
trodes 21 , the Insulating protecting film 30 and the finger 
7. The insulating protecting film 30 functions as a part 
of the capacitor insulating film. In the construction men- 
tioned above, the distance d (for example, d^, dg) be- 
tween the charge storage electrodes 21 and the finger 
7 varies depending on fingerprint unevenness 70. Ac- 
cordingly, a difference in capacity Is caused between the 
capacitors which constitute the fingerprint sensor and 
which are formed to be arranged in a matrix fomn, and 
thus, the charge stored in each of the charge storage 
electrodes 21 is read and detected by the semiconduc- 
tor device fonned on the substrate 1 0, such as a tran- 
sistor or the like, making it possible to recognize a fin- 
gerprint. 

[0034] In the above semiconductor apparatus, each 
of the charge storage electrodes 21 constitutes a unit 
cell of the fingerprint-recognizing surface of the semi- 
conductor device for fingerprint recognition. 
[0035] In a state such that the finger is not in contact 
with the fingerprint-recognizing surface, the capacitors 
constituted by the charge storage electrodes 21 and the 
like have a d value which is infinite (<») in alt of the unit 
cells of the fingerprint-recognizing surface of the semi- 
conductor apparatus for fingerprint recognition. There- 
fore, in all of the unit cells, the electrostatic capacity val- 
ue Cs is zero (0). 

[0036] On the other hand, in a state such that the fin- 
ger is in contact with the fingerprint-recognizing surface, 
as shown in FIG. 5B, in the n-th unit cell, a capacitor 
having an electrostatic capacity value Cgn is formed be- 
tween the charge storage electrodes 21 , the Insulating 
protecting film 30 and the finger 7. The electrostatic ca- 
pacity value is represented by the formula: Cgn = ^ 
. Eq ' S/dp. In this formula, S is an area contributing to 
the capacitor of each electrode, d^ is a distance (for ex- 
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ample, , 62) between the electrode of the n-th unit cell 
and the finger, and n is the number (n = 1 , 2, ...) of the 
unit cell. 

[0037] In the construction for reading the electrostatic 
capacity value in each of the unit cells, the capacitor s 
fomried between the charge storage electrode 21 of 
each unit cell, the insulating protecting film 30 and the 
finger 7 is connected to one source-drain region of the 
transistor which is gate-controlled by, for example, a 
word line WL (WL^, WL^, ...), and another source-drain 10 
region is connected to a bit line BL (BL^, BLg, ...). and 
further, a capacitor having an electrostatic capacity val- 
ue CB is connected to the bit line BL. 
[0038] In the above construction, when a finger is in 
contact with the recognition surface in a state such that 
a potential Vq^ is applied to the bit line BL (V^c pre- 
charge), a potential change represented by the formula: 
AVn = [Csn/(CB + C^)] • V^c 's caused in the bit line BL. 
The potential change AV^ is detected in each of the unit 
cells, and the electrostatic capacity value per unit 
ceil Is calculated, so that the fingerprint recognition is 
conducted by image processing or the like. 
[0039] With respect to the semiconductor apparatus 
for fingerprint recognition which Is operated as men- 
tioned above, the first embodiment of the present inven- 
tion is described with reference to FIG. 1 . 
[0040] FIG. 1 is a diagrammatic cross-sectional view 
of a semiconductor apparatus for fingerprint recognition 
according to the first embodiment of the present inven- 
tion, which constitutes a capacitlve mode fingerprint 
sensor. 

[0041] In the present embodiment, a wihng 301 for 
drawing static electricity (hereinafter, frequently referred 
to as "static-electricity drawing wiring 301") having a 
thickness larger than that of an electrode 2 is formed 
along the line in the longitudinal direction of the elec- 
trode 2 (so that the lower surfaces of the wiring 301 and 
the electrode 2 are aligned In this example). The static- 
electricity drawing wiring 301 is fomned electrically inde- 
pendently from the electrode 2. 
[0042] An insulating protecting film 3, such as a pas- 
sivation film, is formed so as to cover the electrodes 2, 
the static-electricity drawing wiring 301 having a thick- 
ness larger than that of the electrode 2, and a pad elec- 
trodes 2a, and an opening portion is formed in the upper 
surface of the pad electrode 2a. Other portions In the 
present embodiment are the same as the corresponding 
portions in the prior art (FIG. 4). 
[0043] The semiconductor device for fingerprint rec- 
ognition of the present embodiment can be produced 
by, for example, the following method. 
[0044] First, a semiconductor device, such as a tran- 
sistor, which functions as a reading circuit, is formed on 
a semiconductor substrate, and then, aluminum or an 
aluminum alloy, such as aluminum silicide, is deposited 
on the semiconductor substrate by a sputtering process 
so as to have a thickness of about 1 .5 \xm. 
[0045] Then, a resist film for the patterns of a static- 



electricity drawing wiring and at least one pad electrode 
is formed by patterning by means of a photolithography 
process, and subjected to etching, such as reactive ion 
etching (hereinafter, frequently refen'ed to simply as 
"RIE"), so that a static-electricity drawing wiring com- 
prised of aluminum or the like is fonned so as to be dis- 
posed between electrodes which are fomned by pattern- 
ing in the subsequent step so that they are arranged in 
a matrix fomn. At the same time, at least one pad elec- 
trode is formed in a form such that it is connected to the 
static-electricity drawing wiring. 
[0046] Next, a Ti layer or a stacked film, such as a Ti/ 
TiN/Ti film, is deposited by, for example, a sputtering 
process so that it is connected to the above semicon- 
ductor device, and further, aluminum or an aluminum al- 
loy, such as aluminum silicide, Is deposited by a sput- 
tering process so that the total thickness of the resultant 
film becomes about 0.5 ^m. 

[0047] Then , a resist film for the patterns of the above- 
mentioned static-electricity drawing wiring and at least 
one pad electrode, an electrode, and a pad electrode 
for taking a signal out or the like is formed by patterning 
by means of a photolithography process, and subjected 
to etching, such as RIE, to thereby effect patterning so 
that a stacked film comprised of a barrier metal layer, 
such as a Tt layer, aluminum and the like is left on the 
static-electricity drawing wiring and at least one pad 
electrode, and on the remaining region, the electrodes 
and the pad electrodes for taking a signal out or the tike 
are arranged in a matrix fonm. 
[0048] Next, an insulating film, such as a stacked film 
of silicon nitride or silicon oxide, is deposited by, for ex- 
ample, a chemical vapor deposition (hereinafter, re- 
ferred to simply as "CVD") process so as to have a thick- 
ness of about 1 Jim, to thereby form an insulating pro- 
tecting film 3. An opening portion through which the pad 
electrode 2a is exposed to the outside Is fonned In the 
insulating protecting film 3 by patterning. Then, the re- 
sultant device is subjected to dicing treatment, to there- 
by form a fingerprint recognition semiconductor chip 1 . 
[0049] Subsequently, the pad electrode 2a and a lead 
5 which is subjected to silver electroplating treatment or 
the like are connected to each other by a wire bonding 
4 using, for example, a gold line or the like. 
[0050] Then, while exposing the fingerprint-recogniz- 
ing surface of the fingerprint recognition semiconductor 
chip to the outside, the semiconductor chip 1 and the 
wire bonding 4 are encapsulated by an encapsulation 
mold resin 6 comprised of, for example, a thermosetting 
resin. 

[0051] In the semiconductor apparatus for fingerprint 
recognition produced by the above production steps, the 
static-electricity drawing wiring 301 having a thickness 
of about 2 p.m has a structure such that it protrudes from 
the fingerprint-recognizing surface upwardly, as com- 
pared to the electrode 2 having a thickness of about 0.5 
Ijm. Therefore, when afingerorany other materia I which 
is electrostatically charged is brought closer to the fin- 
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gerprint-recognizing surface, the static electricity is not 
discharged into the electrode 2 but into the static-elec- 
tricity drawing wiring 301. Since the static-electricity 
drawing wiring 301 is directly connected to the pad elec- 
trode 2a as mentioned above, the current discharged Is 
directly drawn out of the semiconductor aj3paratus for 
fingerprint recognition through the pad electrode 2a and 
the wire bonding 4. Therefore, the semiconductor devic- 
es and the circuits which are incorporated into the senfv 
{conductor device for fingerprint recognition suffer no 
damage. 

[0052] Especially in the semiconductor apparatus for 
fingerprint recognition which recognizes a fingerprint by 
reading the charge stored in the electrode 2, the finger- 
print-recognizing surface Is exposed to the outside with- 
out being encapsulated by a resin. Therefore, not only 
Is the fingerprint-recognizing surface exposed to a dan- 
ger of an external static electricity, but also a finger is 
Inevitably directly In contact with the fingerprint-recog- 
nizing surface for achieving the function as a fingerprint 
recognition device. However, by employing in the finger- 
print recognition device the structure fonned by the 
above-mentioned production steps, the discharged cur- 
rent of the static electricity can be prevented from flow- 
ing into the internal circuit of the semiconductor appa- 
ratus for fingerprint recognition, thus making it possible 
to prevent a damage of the function of the device due 
to the static electricity. 

[0053] Next, the second embodiment of the present 
invention is described with reference to FIG. 2. 
[0054] The function as a semiconductor device for fin- 
gerprint recognition of the second embodiment is the 
same as that of the above-mentioned first embodiment, 
and therefore, only the wiring for drawing static electric- 
ity, which Is a characteristic feature of the present Inven- 
tion, is described below. 

[0055] In the present embodiment, a wiring 401 for 
drawing static electricity (hereinafter, frequently referred 
to as "static-electricity drawing wiring 401") having a 
thickness larger than that of an electrode 2 is fonned 
along the line in the longitudinal direction of the elec- 
trode 2 (so that the lower surfaces of the wire 401 and 
the electrode 2 are aligned in this example). The static- 
electricity drawing wiring 401 is formed electrically inde- 
pendently from the electrode 2. 
[0056] An insulating protecting film 402, such as a 
passivation film, is formed so as to cover both of the 
electrode 2 and a pad electrode 2a, and an opening por- 
tion Is formed in the upper surface of the pad electrode 
2a. In this instance, the thickness of the insulating pro- 
tecting film 402, such as a passivation film, which is on 
the side of the upper surface of the electrode 2 is equiv- 
alent to the difference in thickness between the elec- 
trode 2 and the static-electricity drawing wiring 401 hav- 
ing a thickness larger than that of the electrode 2. That 
is, the upper surface of the static-electricity drawing wir- 
ing 401 having a thickness larger than that of the elec- 
trode 2 is exposed to the outside through the surface of 



10 

the insulating protecting film 402. Other portions In the 
present embodiment are the same as the corresponding 
portions in the first embodiment of the present invention 
(FIG. 1). 

5 [0057] The semiconductor apparatus for fingerprint 
recognition of the present embodiment can be produced 
by, for example, the following method. 
[0058] First, a semiconductor device, such as a tran- 
sistor, which functions as a reading circuit, is formed on 

10 a semiconductor substrate, and then, aluminum or an 
. aluminum alloy, such as aluminum sllicide, is deposited 
on the semiconductor substrate by a sputtering process 
so as to have a thickness of about 1 .5 |xm. 
[0059] Then, a resist film for the patterns of a static- 

15 electricity drawing wiring and at least one pad electrode 
Is formed by patteming by means of a photolithography 
process, and subjected to etching, such as RIE, so that 
a statlc-electriclty drawing wiring comprised of alumi- 
num or the like is formed so as to be disposed between 

20 electrodes which are formed by patterning in the subse- 
quent step so that they are arranged In a matrix fonn. 
At the same time, at least one pad electrode is fonned 
in a form such that it is connected to the static-electricity 
drawing wiring. 

25 [0060] Next, a Ti layer or a stacked film, such as a Ti/ 
TIN/Ti film, is deposited by, for example, a sputtering 
process so such that it is connected to the above sem- 
iconductor device, and further, aluminum or an alumi- 
num alloy, such as aluminum sllicide, is deposited by a 

30 sputtering process so that the total thickness of the re- 
sultant film becomes about 0.5 |im. 
[0061 ] Then , a resist film for the patterns of the above- 
mentioned static-electricity drawing wiring and at least 
one pad electrode, an electrode, and a pad electrode 

3S for taking a signal out or the like Is fonned by patteming 
by means of a photolithography process, and subjected 
to etching, such as RIE, to thereby effect patterning so 
that a stacked film comprised of a barrier metal layer, 
such as a Ti layer, aluminum and the like is left on the 

40 static-electricity drawing wiring and at least one pad 
electrode, and on the remaining region, the electrode 
and the pad electrode for taking a signal out or the like 
are arranged In a matrix fonn. 
[0062] Next, an insulating film, such as a stacked film 

4^ of silicon nitride or silicon oxide, is deposited by, for ex- 
ample, a CVD process so as to have a thickness of 
about 3 |i.m, and the surface of the resultant insulating 
film is polished by a chemical mechanical polishing 
(hereinafter, referred to simply as "CMP") process until 

50 the above-mentioned static-electricity drawing wiring Is 
exposed to the outside, to thereby form an insulating 
protecting film 402. Then, an opening portion through 
which the pad electrode 2a Is exposed to the outside is 
formed In the insulating protecting film 402 by pattern- 

55 jng. The subsequent steps for production in the present 
embodiment are the same as the corresponding steps 
in the first embodiment of the present invention. 
[0063] In the semiconductor apparatus for fingerprint 
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recognition of the second embodiment, the static-elec- 
tricity drawing wiring having a thickness of about 2 \im 
has a structure such that it protaides from the finger- 
print-recognizing surface upwardly, as compared to the 
electrode having a thickness of about 0.5 |im, and, in 
addition, the static-electricity drawing wiring is exposed 
to the outside through the surface of the semiconductor 
apparatus for fingerprint recognition. Therefore, when a 
finger or any other material which is electrostatically 
charged is brought closer to the fingerprint-recognizing 
surface, the static electricity is not discharged into the 
electrode but into the static-electricity drawing wiring. 
(The effect of drawing static electricity in the second env 
bodiment is larger than that in the first embodiment by 
a magnitude con^esponding to the fact that the static- 
electricity drawing wiring is exposed to the outside 
through the surface of the semiconductor apparatus for 
fingerprint recognition.) 

[0064] Since the static-electricity drawing wiring 401 
is directly connected to the pad electrode 2a as men- 
tioned above, the current discharged is directly drawn 
out of the semiconductor apparatus for fingerprint rec- 
ognition through the pad electrode 2a and the wire bond- 
ing 4. Therefore, the semiconductor devices and the cir- 
cuits which are incorporated into the semiconductor ap- 
paratus for fingerprint recognition suffer no damage. 
[0065] Further, from the viewpoint of facilitating the 
recognition of a fingerprint, it is desired that a finger is 
in a ground potential. When a finger is In contact with 
the fingerprint-recognizing surface of the semiconductor 
apparatus for fingerprint recognition, the finger is also 
in contact with the static-electricity drawing wiring at the 
same time. Therefore, by making the static-electricity 
drawing wiring be in a ground potential, it is possible to 
surety render the finger be in a ground potential. 
[0066] Next, the third embodiment of the present in- 
vention Is described with reference to FIG. 3. 
[0067] The function as a semiconductor apparatus for 
fingerprint recognition of the third embodiment Is the 
same as that of the above-mentioned first embodiment, 
and therefore, only the wiring for drawing static electric- 
ity, which is a characteristic feature of the present inven- 
tion, is described below. 

[0068] In the present embodiment, a wiring 501 for 
drawing static electricity (hereinafter, frequently referred 
to as "static-electricity drawing wiring 501 ") having a 
thickness larger than that of an electrode 2 is formed 
along the line in the longitudinal direction of the elec- 
trode 2 (so that the lower surfaces of the wiring 501 and 
the electrode 2 are aligned in this example). The static- 
electricity drawing wiring 501 is f omned electrically inde- 
pendently from the electrode 2. 
[0069] An insulating protecting film 502, such as a 
passivation film, Is formed so as to cover both of the 
electrode 2 and a pad electrode 2a, and an opening por- 
tion is formed in the upper surface of the pad electrode 
2a. In the present embodiment, the upper portion of the 
static-electricity drawing wiring 501 having a thickness 
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larger than that of the electrode 2 protrudes from the 
surface of the insulating protecting film 502. Other por- 
tions in the present embodiment are the same as the 
corresponding portions in the second embodiment of 

5 the present invention (FIG. 2). 

[0070] The semiconductor apparatus for fingerprint 
recognition of the present embodiment can be produced 
by, for example, the following method. 
[0071] First, a semiconductor device, such as a fran- 
co sistor, which functions as a reading circuit, is formed on 
a semiconductor substrate, and then, aluminum or an 
aluminum alloy, such as aluminum silicide, is deposited 
on the semiconductor isubstrate by a sputtering process 
so as to have a thickness of about 1 .5 p.m. 

15 [0072] Then, a resist film for the pattems of a static- 
electricity drawing wiring and at least one pad electrode 
is fomried by patterning by means of a photolithography 
process, and subjected to etching, such as RIE, so that 
a static-electricity drawing wiring comprised of alumi- 

20 num or the like is formed so as to be disposed between 
electrodes which are formed by patterning in the subse- 
quent step so that they are arranged in a matrix form. 
At the same time, at least one pad electrode is fonmed 
in a form such that it Is connected to the statlc-electricity 

2S drawing wiring. 

[0073] Next, a Ti layer or a stacked film, such as a Ti/ 
TIN/TI film, is deposited by, for example, a sputtering 
process so such that it is connected to the above sem- 
iconductor device, and further, aluminum or an alumi- 

30 num alloy, such as aluminum silicide, Is deposited by a 
sputtering process so that the total thickness of the re- 
sultant film becomes about 0.5 |im. 
[0074] Then, a resist film for the pattems of the above- 
mentioned static-electricity drawing wiring and at least 

35 one pad electrode, an electrode, and a pad electrode 
for taking a signal out or the like is fonned by patterning 
by means of a photolithography process, and subjected 
to etching, such as RIE, to thereby effect patterning so 
that a stacked film comprised of a barrier metal layer, 

40 such as a TI layer, aluminum and the like is left on the 
static-electricity drawing wiring and at least one pad 
electrode, and on the remaining region, the electrode 
and the pad electrode for taking a signal out or the like 
are arranged in a matrix form. 

45 [0075] Next, an insulating film, such as a stacked film 
of silicon nitride or slllcori oxide, is deposited by, for ex- 
ample, a CVD process so as to have a thickness of 
about 3 ^.m, and the surface of the resultant insulating 
film is polished by a CMP process until the above-men- 

50 tloned static-electricity drawing wiring is exposed to the 
outside, to thereby fomn an insulating protecting film 
502. Then, an opening portion through which the pad 
electrode 2a is exposed to the outside is fonned in the 
Insulating protecting film 502 by patterning. The steps 

55 up to now in the present embodiment are the same as 
the corresponding steps in the second embodiment of 
the present invention. 

[0076] Then, the upper surface of the insulating pro- 



13 



EP 1 100 039 A2 



14 



tecting film 502 is thoroughly subjected to etching by, for 
example, an RIE technique so that the about 0.6 [im- 
thlck insulating protecting film from the upper surface 
thereof is etched. Thus, the thickness of the resultant 
insulating protecting film is smaller than that of the insu- 5 
lating protecting film shown in FIG. 2 by about 0.5 ^m, 
and therefore, the upper portion of the static-electricity 
drawing wiring 501 protrudes from the insulating pro- 
tecting film 502 by about 0.5 ^m which corresponds to 
the thickness of the etched film. The subsequent steps 
for production in the present embodiment are the same 
as the corresponding steps in the first embodiment of 
the present invention. 

[0077] The semiconductor apparatus for fingerprint 
recognition of the third embodiment has a structure such is 
that the static-electricity drawing wiring 501 is exposed 
to the outside and protrudes upwardly from the finger- 
print-recognizing surface. Therefore, when a finger or 
any other material which is electrostatically charged is 
brought closerto the fingerprint-recognizing surface^ the 
static electricity is not discharged into the eiectrode 2 
but surely into the static-electricity drawing wiring 501. 
Thus, the static electricity discharged does not cause 
the semiconductor devices and the circuits which are 
incorporated into the semiconductor apparatus for fin* ^5 
gerprint recognition to be damaged. 
[0078] Further, as mentioned above, the semiconduc- 
tor apparatus for fingerprint recognition has a stnucture 
such that the static-electricity drawing wiring 501 is ex- 
posed to the outside and protrudes upwardly from the 
fingerprint-recognizing surface. Therefore, by making 
the static-electricity drawing wiring be in a ground po- 
tential, a finger In contact with the fingerprint-recogniz- 
ing surface is surely in contact with the static-electricity 
drawing wiring and made be in a ground potential, thus 
rendering it possible to stably and surely perform the fin- 
gerprint recognition. 

[0079] By virtue of having a unique structure such that 
the static-electricity drawing wiring protrudes upwardly 
from the electrode on the substrate, the semiconductor 
apparatus of the present invention is advantageous in 
that, when a finger or any other material which is elec- 
trostatically charged is brought closer to the substrate, 
the static electricity is not discharged into the electrode 
but Into the statlc-electrlctty drawing wiring and then 
drawn out of the semiconductor apparatus, so that the 
semiconductor devices, the circuits and the like which 
are connected to the electrode can be prevented from 
suffering a damage due to the static electricity and from 
losing the functions thereof. 

[0080] Especially in the semiconductor apparatus for 
fingerprint recognition of the present invention, when a 
finger which is electrostatically charged is brought clos- 
er to the fingerprint-recognizing surface, by virtue of 
having the above unique structure, the static electricity 55 
is not discharged into the electrode but into the static- 
electricity drawing wiring and then drawn out of the sem- 
iconductor apparatus, so that the semiconductor devic- 



es, the circuits and the like which are connected to the 
electrode can be prevented from suffering a damage 
due to the static electricity and from losing the functions 
thereof. 

List of Reference Signs: 



[0081] FIGs. 1to4 

1;51: 
2:52: 
2a; 52a: 
3; 402; 502; 53: 
301; 401; 501: 

4; 54: 
5; 55: 
6; 56: 



SEMICONDUCTOR CHIP 
ELECTRODE 
PAD ELECTRODE 
PROTECTING FILM 
WIRING FOR DRAWING STAT- 
IC ELECTRICITY 
WIRE BONDING 
LEAD 

MOLD RESIN 



20 [0082] FIG.5A 



7: 

10 

20 

21 

30 

70; 



FINGER 

SUBSTRATE 

BARRIER METAL 

ELECTRODE 

PROTECTING FILM 

UNEVENNESS OF FINGERPRINT 



30 Claims 

1 . A semiconductor apparatus, comprising: 

a substrate having a transistor; 
35 a first electrode formed on said substrate and 

connected to said transistor; 
a second electrode fomned on said substrate 
and electrically separated from said first elec- 
trodes; and an insulating film fonned on said 
40 substrate so as to cover said first electrode, 

wherein, when a plane of said insulating film which 
Is not on a side of said substrate Is taken as a first 
plane, a surface facing said first plane of said first 
45 electrode is taken as a first surface, and a surface 
facing said first plane of said second electrode Is 
taken as a second surface, a distance between a 
surface of said substrate and said second surface 
is larger than a distance between the surface of said 
so substrate and said first surface. 

2. The semiconductor apparatus according to claim 1 , 
wherein said second surface is substantially equiv- 
alent to a surface of said insulating film. 



3. The semiconductor apparatus according to claim 1 , 
wherein the distance between the surface of said 
substrate and said second surface is larger than a 
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distance between the surface of said substrate and 
the surface of said insulating film. 

4. The semiconductor apparatus according to claim 1 , 
wherein said second electrodes Is fixed in a con- 
stant potential. 

5. The semiconductor apparatus according to claim 1 , 
wherein a plurality of said first electrodes are ar- 
ranged in a matrix fonn, and said second electrode 
is disposed between said plurality of first elec< 
trodes. 

6. The semiconductor apparatus according to claim 5, 
wherein a plurality of said second electrodes are ar- 
ranged in a matrix fonn. 

7. The semiconductor apparatus according to claim 1 , 
wherein said first electrode is connected to a first 
terminal of said transistor, and a second terminal of 
said transistor Is connected to a bit tine and a ca- 
pacitance element to which a potential Is applied. 

8. The semiconductor apparatus according to claim 2, 
wherein said second electrode is fixed In a constant 
potential. 

9. The semiconductor apparatus according to claim 3, 
wherein said second electrode is fixed in a constant 
potential. 

1 0. The semiconductor apparatus according to claim 1 , 
wherein said second electrode is electrically con- 
nected to a pad electrode which is connected to a 
lead for talcing a signal out. 

11. A semiconductor apparatus for recognizing a fin- 
gerprint, comprising: 

a semiconductor substrate having a transistor; 
a first electrode formed on said semiconductor 
substrate and connected to said transistor; 
a second electrode formed on said semicon- 
ductor substrate and electrically separated 
from said first electrode; and 
an Insulating film formed on said semiconduc* 
tor substrate so as to cover said first electrode, 

wherein, when a plane of said insulating film on 
which said fingerprint is placed Is taken as a first 
plane, a surface facing said first plane of said first 
electrode is taken as a first surface, and a surface 
facing said first plane of said second electrode is 
taken as a second surface, a distance between a 
surface of said semiconductor substrate and said 
second surface is larger than a distance between 
the surface of said semiconductor substrate and 
said first surface. 



12. The semiconductor apparatus according to claim 
11, wherein said second surface is substantially 
equivalent to a surface of said insulating film. 

5 13. The semiconductor apparatus according to claim 
11, wherein the distance between the surface of 
said semiconductor substrate and said second sur- 
face is larger than a distance between the surface 
of said semiconductor substrate and the surface of 

10 said insulating film. 

14. The semiconductor apparatus according to claim 
1 1 , wherein said second electrode Is fixed in a con- 
stant potential. 

15 

15. The semiconductor apparatus according to claim 
11, wherein a plurality of said first electrodes are 
aranged in a matrix form, and said second elec- 
trode is disposed between said plurality of first elec- 

20 trodes, 

16. The semiconductor apparatus according to claim 
1 5, wherein a plurality of said second electrodes are 
an^anged In a matrix fomi. 

25 

17. The semiconductor apparatus according to claim 

1 1 , wherein said first electrode is connected to a first 
terminal of said transistor, and a second temninal of 
said transistor is connected to a bit line and a ca- 

30 pacitance element to whbh a potential is applied. 

18. The semiconductor apparatus according to claim 

1 2, wherein said second electrodes is fixed In a con- 
stant potential. 

35 

19. The semiconductor apparatus according to claim 

13, wherein said second electrodes is fixed in a con- 
stant potential. 

40 20. The semiconductor apparatus according to claim 
11, wherein said second electrodes is electrically 
connected to a pad electrode which is connected to 
a lead for taking a signal out. 

45 
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(54) Semiconductor apparatus lor fingerprint recognition 



(57) A semiconductor apparatus, which comprises: 
a substrate having a transistor; a first electrode formed 
on the substrate and connected to the transistor; a sec- 
ond electrode formed on the substrate and electrically 
separated from the first electrode; and an insulating film 
fonned on the substrate so as to cover the first elec- 
trode, wherein, when a plane of the insulating film which 
is not on a side of the substrate is tal<en as a first plane, 
a surface facing the first plane of the first electrode is 
taken as a first surface, and a surface facing the first 
plane of the second electrode is taken as a second sur- 
face, a distance between a surface of the substrate and 



the second surface is larger than a distance between 
the surface of the substrate and the first surface. By vir- 
tue of having the above unique structure, the semicon- 
ductor apparatus of the present invention is advanta- 
geous in that, when a finger or any other material which 
is electrostatically charged Is brought closer to the sub- 
strate, the static electricity is not discharged Into the 
electrode but into the static-electricity drawing wiring 
and then drawn out of the semiconductor device, so that 
the semiconductor devices, the circuits and the like 
which are connected to the electrode can be prevented 
from suffering a damage due to the static electricity and 
from losing the functions thereof. 
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